The availability of biological samples has assumed a crucial role in the field of biomedical research in order to assess predisposition to complex diseases, identification and validation of new diagnostic biomarkers, drug targets, and improvement of monitoring strategies. To ensure correct collection, storage, and use of biological material, a biobank requires standard operating procedures, not only to guarantee the integrity of the sample, but also for the traceability and uniqueness of the same sample and to avoid potential contamination. Over the past three decades, researchers have increasingly used DNA polymorphisms for biological identification purposes, radically changing forensic investigations. This revolution has led to the birth of new scientific terms, such as "DNA fingerprinting" or "genetic profiling", and a new field of legal medicine known as "forensic genetics". Given the significant need for a biobank to devise a system of identification, authentication, and traceability of biological samples, many researchers are applying forensic genetics-based methodologies to the science of biobanking. This review recapitulates the main DNA polymorphisms presently known and the techniques most widely used for biological identification purposes, from standard methods based on short tandem repeats, to use of single nucleotide polymorphisms, through to the more recent insertion/ deletion polymorphisms. The experience of several research groups who have applied classical or innovative methods for identification of biological samples in the context of a biorepository is also discussed. Finally, some technical issues are suggested that could facilitate decisions about the most appropriate markers and DNA fingerprint methodology for evaluation of identity and traceability in each disease-based biobank.
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Palmirotta et al define a series of accurate standard operating procedures to obtain nucleic acids of excellent quality and to confirm the identity of stored samples. 4, 5 In particular, when planning large-scale genetic association studies, the traceability of samples and identification of possible contaminants become the most critical points of the process. [6] [7] [8] Although rapidly expanding, information-based and automation-based technologies can only partially overcome the problem of sample misidentification or cross-contamination, since the main sources of error may derive from inaccurate manual operations, improper storage, and mislabeling of tubes. [8] [9] [10] [11] [12] A definitive solution to this issue may result from applying forensic genetic methodologies based on analysis of multiallelic molecular markers to certify the authenticity of stored biospecimens. 13, 14 However, very often, biobanks lack the necessary infrastructure to carry out these specialist procedures, which are very expensive and require specific software for analysis.
14 It is therefore necessary to devise low-cost and easily standardized DNA fingerprinting methods, with the robustness required to provide unequivocal authentication of the sample. In the present review, we report on the current knowledge in this field and the main technologies available to develop a quality control system based on analysis of molecular markers in biobanks. To this end, we will examine a number of approaches used by various authors, including the procedure created at our Interinstitutional Multidisciplinary BioBank (Rome, Italy) to easily and quickly verify the identity of a collected biospecimen. 3 Readers in need of further details about methods of cryopreservation, storage, retrieval, and distribution of biological materials in biobanks are referred to "Best Practices For Repositories" on the website of the International Society for Biological and Environmental Repositories. 15 
Molecular markers employed for analysis of biological individuality
Only 1.5% of the human genome (3.2 Gb) encodes for proteins, while another 23.5% is classified as gene-related DNA and comprises many non-coding elements involved in gene regulation, such as promoters, enhancers, repressors, and polyadenylation signals. The extragenic component consists of single copy DNA (approximately 21%), the function of which has not yet been defined, while about half of the human genome is composed of repetitive extragenic elements (54%). Repetitive DNA is, in turn, divided into repetitive sequences distributed throughout the genome (45%) or as tandem repeat DNA (9%). 16 The former mainly include four types of elements: short interspersed elements (13%); long interspersed elements (21%), with the Alu and L1 sequences being the most frequent elements; long terminal repeats (8%); and transposons (3%). [17] [18] [19] The tandem repeat component is constituted by:
• Satellite DNA (5%) -units of 5-171 bp repeated in blocks of hundreds of kilobases, found in regions of centromeric and extracentromeric heterochromatin • Minisatellite DNA (3%) -consisting of repeated units of 6-64 bp, localized in telomeric and peritelomeric regions (the latter defined as hypervariable DNA) • Microsatellite DNA (1%) -short sequences of 1-6 nucleotide repeats, usually up to a length of 150 bp. When performing biological explorations on the genetic variability of a population or a forensic investigation, it is important to select a group of genetic variants with no effect at the phenotypic level. These "neutral" variants, in fact, do not provide selective advantages or disadvantages, so their frequency is not affected by processes of natural selection. In order to have all the markers completely independent, they must be selected in different chromosomes or separated by several centimorgans.
Other deciding factors must be considered before selecting a panel of molecular markers. In particular, variants to be used for DNA profiling studies must be highly polymorphic and, possibly, polyallelic markers. 20 Moreover, it is very often necessary to consider combinations of different loci, each with a number of allelic variants. The increase in the number of loci, selecting those with several allelic variants within the studied population, in fact, gives the test a higher discrimination power and therefore a great reliability. Specific databases are available that provide allele frequency data for the human population. [21] [22] [23] [24] [25] [26] [27] [28] [29] Among the first-generation molecular markers used for human identity testing are the variable numbers of tandem repeats (VNTR), comprising the above-mentioned minisatellite group. This technique, developed by Jeffreys et al, was based on the use of restriction enzymes recognizing and cutting the flanking regions of VNTR sequences and on a Southern blotting analysis using a series of multilocus restriction fragment length polymorphism probes. A different pattern of fragments was obtained, depending on the VNTR length. 30 Over time, this method has ceased to be used, given the high execution time and work required, the large quantity of DNA necessary, inability to automate the procedure, and the problems emerging from analysis of mixtures of DNA. 
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DNA fingerprinting in biobanking However, looking at the different targets available for performing a diagnostic test based on DNA fingerprinting, microsatellites undoubtedly have long been the markers of choice. Many of the techniques currently used for individual molecular typing, in fact, are based on panels of microsatellites.
As previously mentioned, DNA regions with repeat units 2-7 bp in length are called microsatellites, simple sequence repeats, or most usually short tandem repeats (STRs). 31 Forensically used STRs are usually tetranucleotide repeats, which have few stutter artifacts. 32 At the genomic level, a microsatellite sequence recurs approximately every 2 kb, with the number of non-overlapping tandem repeats being 437 per Mb. 33 STRs represent a class of molecular markers capable of highlighting a degree of genetic diversity hardly detectable by other types of markers and can be typed by polymerase chain reaction (PCR) amplification. The high level of polymorphism of STR markers is the result of high mutation rates (between 10 -2 and 10 -6 events per locus per generation), occurring mainly because of two mechanisms, ie, unequal crossing over during meiosis or DNA polymerase "slippage". 34 Very often, it is possible to observe microsatellite loci characterized by more than ten alleles and having more than 60% heterozygosity.
Next, there are two markers characterized by an absence of crossing over that are mainly used for reconstruction of matrilineal and patrilineal descent: mitochondrial DNA (mtDNA) and the Y chromosome, respectively. Given the high level of variability in the mitochondrial D-loop region and the large copy number of circular genomes (the number of copies depending on the cell involved ranges from 100 to more than 1,000), mtDNA is a very informative tool in DNA profiling studies, allowing analysis of very small or degraded samples. 35 The unusual characteristics of the Y chromosome, including haploidy, male specificity, lack of recombination, and the presence of many kind of polymorphisms, make its study useful, especially in kinship and paternity testing, analysis of a mixture of male and female DNA, and other types of genetic traceability investigations, alternatively or in combination with autosomal DNA profiling. 36 In the field of genetic traceability, a key role is played by single nucleotide polymorphisms (SNPs), a molecular marker class characterized by differences at the single nucleotide level. An SNP is a single base pair variation at a specific locus, usually consisting of two alleles (where the rare allele frequency is $1%). More than 1.4 million SNPs have been identified in the human genome, indicating a high degree of polymorphism. 33 The SNP-based genotyping process can be easily automated, offering a highly reproducible method and the opportunity to apply the procedure also to degraded DNA samples. However, being biallelic markers, they are less informative than STRs, so a larger panel of markers should be considered to maintain the same power of discrimination (PD). 37 An advantage in adopting an SNPbased genotyping platform could derive from the fact that these polymorphisms are often found to be the etiological agent in many common human diseases and are becoming of particular interest in pharmacogenomics. Accordingly, in population-related biorepositories, such a quality control system could also provide a suitable resource for investigating the genetic components of a given disease. 12 Another class of markers that has recently emerged in the field of genetic studies is that of insertion/deletion polymorphisms. These biallelic variants are created by the insertion or deletion of one or more nucleotides at more than 2,000 genomic loci widely distributed throughout the genome. 38 Furthermore, insertion/deletion polymorphisms have a low mutation rate, a reliable discrimination power, involve non-labor-intensive genotyping methods, and possible automation of analysis, even starting from degraded DNA.
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Current methods of biological identification through DNA polymorphisms
The number of repeats in STR markers can be highly variable between individuals, and this particular characteristic endows STRs with a high PD, making them better candidates for use in forensic applications, in which degraded material or a small amount of DNA is common. Because of their smaller size, STR alleles can also be more easily separated from other chromosomal locations to ensure that closely linked loci are not chosen. 13, 40 The development of STR-based multiplex PCR, separation of more than ten STR loci in a single analytical procedure, and automated DNA fragment analysis provide the opportunity to obtain a DNA profile from almost any source of biological material. STR markers were first described as effective tools for human identity testing in the early 1990s. 
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Palmirotta et al ie, TH01, VWA, FES/FPS, and F13A1. 43 This was followed by a second-generation multiplex including the loci TH01, VWA, FGA, D8S1179, D18S51, and D21S11. 44 The UK National DNA Database was launched in April 1995 utilizing second-generation multiplex loci and the amelogenin sex-typing test. 45, 46 Since 1996, with the support of the Combined DNA Index System, STR typing has allowed creation of databases centered on evaluation of 13 loci. 22, 47 In fact, a genotype obtained from analysis of these loci allows identification of the individual to which the DNA belongs with a sufficient statistical power. These 13 loci are CSF1P0, FGA, TH01, TPOX, VWA, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, and D21S11.
23, 24 Amelogenin gene primers are also included in the commercial kits to allow sex identification. In females, the locus of amelogenin is on the X chromosome (XX) and it is represented by a single peak, whereas in males amelogenin is represented by two peaks (one for the X chromosome and the other for the Y chromosome).
Several kits for STR typing are now commercially available, allowing characterization of an increasing number of loci. Among them, the most widely used are PowerPlex ESX and ESI 16 or 17 (Promega Corporation), AmpFlSTR NGM and NGM Select (Applied Biosystems), and ESSplex and ESSplex SE (Qiagen). However, the technical choice should always be made on an individual basis, depending on the number of loci to be analyzed and their PD. 48, 49 The procedure used for STR profile analysis can be summarized in three major phases. The first is DNA extraction. The extracted DNA is then typed with a multiplex PCR using the above-mentioned kits. Finally, after amplification, samples are separated by capillary electrophoresis in an automated sequencer to obtain an electropherogram. Over the years, fluorescence detection methods and capillary electrophoresis using ABI 3730, 3500, 3130, and 310 DNA sequencers (Thermo Fisher Scientific) have played a significant role in forensic DNA typing. The electropherogram is commonly analyzed using GeneMapper software (Thermo Fisher Scientific). 50, 51 Nowadays, STR profiling is commonly applied to determine kinship, including paternity testing, but identification of male DNA components in mixed male/female samples is a challenging problem. This could be overcome with the use of Y-chromosomal STRs (Y-STRs), given that autosomal STR profiling is often not successful in such cases because of preferential PCR amplification of the excess female component. 52 Haplotypes from sets of non-recombining male-specific Y-STRs have been used for male identification since the late 1990s, especially since the advent of commercial kits containing up to 17 well defined Y-STRs. [52] [53] [54] The most widely used database, containing several Y haplotypes and their frequency estimates, is the Y-STR Haplotype Reference Database. 25, 55, 56 mtDNA analysis, used in population studies, evolutionary biology, and anthropology, is carried out in a region called the displacement loop, which represents a non-coding control zone. The two hypervariable segments (HV1 and HV2) are amplified, sequenced, and then compared with the reference ("Anderson") sequence, also known as the Cambridge Reference Sequence. 57 Analysis of mtDNA uses specific databases to determine the haplotype frequency in a population. The most common used are the EMPOP and MITOMAP. 26, 27, [58] [59] [60] However, it is necessary to specify that the PD of the Y-STR and mtDNA is lower in comparison with STRs.
Genotyping provides a measurement of the genetic variation between members of a species, among which SNPs are the most common type of genetic variation (National Center for Biotechnology Information database of single nucleotide polymorphisms). 28 Since SNPs are evolutionarily conserved, these polymorphisms have been proposed as candidate markers for use in association studies in place of microsatellites, and different panels of SNPs have been designed and validated for population and human identity studies. 12, 61 SNP-microarray platforms can also provide a genetic fingerprint for testing complex forensic DNA mixtures. 62 Commercial kits based on insertion/deletion panel analysis such as the Investigator DIPplex kit (Qiagen) and the DIPplex PCR amplification kit (Mentype), have recently been developed and validated in human identification studies. 63, 64 Thus, combining the advantageous features of both SNPs and STRs, insertion/deletion-based DNA profiling has proved to be a useful tool for quality control in population studies, biobanking projects, paternity cases, and relationship and disaster victim testing. 3, 37, 39, 63 Most of the above-described polymorphisms are currently analyzed by capillary electrophoresis using automatic sequencing equipment. More recently, the availability of next-generation sequencing technologies has started to revolutionize all fields of molecular genetics. 65 This method offers many advantages when compared with the classic Sanger sequencing technique, including the ability to rapidly detect all variants and mutations in an entire genome, and the "deep sequencing" approach, the reading of the target sequence with an extended coverage, ie, repeated hundreds of times. Application of next-generation sequencing to forensic genetics might offer considerable advantages, including the large 
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DNA fingerprinting in biobanking number of polymorphisms (STR, mtDNA, SNPs, insertions/ deletions) that may be combined into a single next-generation sequencing assay or increased simplification of interpretation of mixtures using the deep sequencing approach. 66 After several debates, the first next-generation sequencing kits for human identification, ie, the HID-Ion AmpliSeq identity panel, HID-Ion AmpliSeq ancestry panel, Ion Torrent, HID STR 10-plex (Thermo Fisher Scientific), and ForenSeq DNA signature prep kit (Illumina) are now commercially available.
66,67
Statistical framework
share the same genotype and there are no differences between the two • Genetic incompatibility -comparison of genotypes between sample and reference shows that differences can be explained only by the origin of biological material from different individuals • Inconclusiveness -not enough information to draw conclusions.
Of the three possible conclusions, only the first one requires statistical treatment. Mathematical statistical models based on knowledge of the genetic markers used for the analysis, population genetics, and the laws of probability are currently used for interpretation of genetic compatibility. 13 The first and most basic task is to obtain the frequency of the locus of a certain genotype in the population to which the donor belongs. Since genotypes arise from combination of alleles, it follows that genotypic frequencies can be inferred from the allelic frequencies observed at the corresponding locus. In particular, if any genetic drift is shown to affect the independent inheritance of alleles within the population of interest, then the inference can be computed by means of the Hardy-Weinberg equilibrium:
where A and a, given a male Aa and a female Aa, are the observed frequencies of the two alleles of a biallelic locus. In this particular case, "a" is the allele with the lower frequency, so it is usually referred to as the minor allele frequency. In contrast, if a drift is known to exist, like that due to nonrandom mating, some corrections have to be applied to the formula given above. In particular, the inferred frequency of homozygotes can be adjusted using the parameter theta (θ), which accounts for inbreeding:
Frequency of homozygous genotype = θp
where p is the allele frequency. It must be noted that, albeit small (0.01, θ ,0.03), such a correction has a noticeable impact over the inferred genotypic frequencies, so that it must be carefully chosen. 68 For an AB heterozygote, the adjustment is Pr = 2papb (1 -q). Of note, if the repository's population of donors includes samples from related individuals, then the computations to infer both homozygous and heterozygous genotypic frequencies should be corrected to account for that. 69, 70 Once the frequency of a particular genotype has been calculated, the next task is to compute the probability of a given profile. In this case, if the loci of the profile are independent from each other in inheriting a certain genotype, then the probability to obtain a given profile corresponds to the combination of the probabilities of the genotypes of each locus. Since such a probability is given by a simple multiplicative procedure, it is often referred to as the "product rule", especially in the forensic field, as follows: 69 combined probability of loci = product rule = Π n freq (n observed genotypes).
The value obtained by the product rule measures the probability that two unrelated individuals may present the same profile by chance. For this reason, it is also referred to as the random match probability (RMP): RMP = combined probability of loci = frequency of profile Going back to our statement earlier in this section about specificity for the donor, such a quantity can be seen as the error committed in matching a specimen to a certain donor on the basis of the actual profile observed. Hence, if a profile has a given RMP, then its specificity for the donor is represented by the PD:
The higher the RMP, the lower will be the error committed in matching a specimen to a certain donor.
In situations where it is reasonable to consider the specimen as a mixture of contributors rather than being from a single donor (as in the case of suspected contamination or specimens of a neoplastic nature), it is useful to express the RMP as the probability that the specimen comes from the donor whose profile appears in the mixture being tested. Such information is delivered by the likelihood ratio (LR): 
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In other words, the more the observed profile is specific for the donor, the more likely it is that the specimen comes from that single donor. Wherever more than one profile is recognized in a mixture (more than one donor), appropriate modifications can be made to the LR calculation. 70 In a more general way, the individuality of a mixture's contributor can be handled by means of the so-called "allele-based" approach instead of the "genotype-based" approach described so far. In this regard, the information provided by the RMP and PD can be delivered by the random man not excluded probability and the PD, respectively. 71, 72 Noteworthy is that the allelic approach is thought to provide such information without any particular assumption about the number of possible contributors, since the calculations do not involve genotypes arising from possible combinations of the observed alleles.
Software used in forensics includes DNA View and EasyDNA. [73] [74] [75] Other statistical applications can be searched for on the Short Tandem Repeat DNA Internet DataBase site.
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Fingerprinting of samples in biobanks: state of the art
Despite the relevance of the topic and the impact of biobanks on biomedical research, not all studies describing standard operative procedures for use in biobanks emphasize traceability and methods to be used for recognition of biological samples. 8, 76 Some groups have approached the problem of traceability using validated classical forensic genetics systems. For example, Azari et al used a system based on the 13 STR loci in the Combined DNA Index System along with sex determination using the amelogenin gene for authentication of human cell lines in the National Cell Bank of Iran. 77 To avoid the problem of high disposal costs and the need for expensive equipment, the method includes singlex amplification of each STR, polyacrylamide gel separation, and silver stain detection. A mixture of two PCR products with different non-overlapping sizes is applied to a single lane of polyacrylamide gel (one sample, seven lanes). Although the system shows a certain degree of complexity due to its manual execution, it is robust and efficient, and has an average RMP of approximately one in a trillion (10 12 ) among unrelated individuals. 77 On the other hand, Cardoso et al used the AmpFlSTR Identifiler PCR amplification kit and the AmpFlSTR secondgeneration multiplex plus PCR amplification kit for genetic authentication of blood spots on three different types of support medium (absorbent paper, lint, or non-colored cotton fabric) used in the Banco de ADN, University of the Basque Country, Spain.
14 Although the use of this procedure was limited in terms of verification of the integrity of nucleic acids in the various types of medium over several years of storage, the authors noted that using the commercial kits employed in forensic genetics is expensive and labor-intensive.
Recently, Kelly et al from the Coriell Institute for Medical Research investigated the feasibility of performing STR analysis for traceability and biological identification in biobanks of DNA preparations isolated directly from blood collected in the PAXgene blood RNA system (PreAnalytiX, Qiagen). 78 This system uses stabilizing agents that inhibit degradation of RNA in blood samples kept for several days at room temperature. 79 For this reason, the system is widely used in sample collection for biobank storage and multicenter studies, but has the disadvantage to be depleted of DNA. The results obtained by Kelly et al show that the little amount of DNA extracted from blood samples treated as detailed above is of sufficient quality and quantity to be suitable for analysis with both the PowerPlex 18D System commercial kit (Promega) and the home-made Coriell 6-Plex fluorescent PCR assay. The latter was developed by the Coriell Cell Repositories for detection of six highly polymorphic tetranucleotide microsatellites, ie, FES/FPS, vWA31, D22S417, D10S526, D5S592, and VWA31, and includes primers for the amelogenin gene for sex determination. 80 This system is able to discriminate between samples with a matching probability of approximately one in three million.
In a recent study performed at the Integrated Biobank of Luxembourg, Kofanova et al developed a system based on multiplex PCR amplification and subsequent separation on agarose gel for evaluation of the VNTRs of six minisatellites (Apo-B1, COL2A1, D17S5, D1S80, D2S44, and PAH) and one additional locus for sex determination using detection of the SRY gene on the Y chromosome, reaching a DP of 10 6 . 81 This method is basically an improvement of a protocol developed in 2005 at the Leibniz Institute DSMZ (German Collection of Microorganisms and Cell Cultures), in which the same VNTR markers were used by developing singlex PCR.
29, 82 The authors, who have considerable longterm experience with quality control in biobanks, emphasize that this system is rapid, robust, and capable of verifying the identity of a biospecimen. 9, 76, 81, 83 A different approach was pursued by Cross et al, who conceived and validated a panel of 36 heterochromosomic SNPs and a sex marker to discriminate biological samples in the Marshfield Clinic Personalized Medicine Research Project. 12, 84 The design of the panel was based on the 
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DNA fingerprinting in biobanking assumption that the best method for detecting biological individuality in a biobank is the use of molecular markers developed for forensic applications. These, however, although useful to identify and track a biological sample, do not provide any information on the disease associated with the same sample. Based on these considerations, Cross et al developed a panel of 36 polymorphisms related to the predisposition to various common diseases, including metabolic, neoplastic, cardiovascular, neurodegenerative, and genetic diseases. 12 Polymorphisms were detected using a matrix-assisted laser desorption ionization time of flight (MALDI-TOF) mass spectrometer and Sequenom Typer 3.4 software for allele determination. This system has some strengths but also several potential limitations. The method is easily reproducible in a laboratory with common expertise of molecular medicine and the number of polymorphisms used for this assay provides a good discrimination power. However, due to the nature of the polymorphisms used, which are necessarily related to specific diseases, this method can be successfully applied only to populations of Caucasian ethnicity. In fact, some polymorphisms have a minor allele frequency below 10% in those of African and Asian ethnicity and consequently decrease the PD and applicability of this assay to these populations. Another limitation is that the clinical relevance of some polymorphisms included in the assay may be overestimated and other polymorphisms not considered could have a strong correlation with certain diseases.
12
A MALDI-TOF mass spectrometry platform was also used on archival formalin-fixed, paraffin-embedded tissues for testing the new Sample ID PlusH kit from Sequenom Bioscience, which is based on 47 non-functional SNPs. 85 The authors, after comparing the use of the kit and classical STRs, argue that this SNP genotyping platform is a promising and suitable approach for sample identification by next-generation sequencing when processing low amounts of DNA from formalin-fixed, paraffin-embedded tissues. 85 Similarly, in a genome wide association study performed on 14,000 cases of seven common diseases and 3,000 controls in the British population, the researchers' group, the Wellcome Trust, used a panel of 38 SNPs to obtain a molecular fingerprint of biological samples. 86 With the aim of proposing a valid alternative to the current STR-based standard for cell line authentication, Liang-Chu et al recently developed the SNPtrace panel, a simple and cost-effective commercial assay that simultaneously assesses 96 SNPs. 87 This system shows a discrimination power and an ability to detect intraspecies cross-contamination comparable with those of STR profiling. The main advantages are related to lower cost and the improved performance displayed in analyzing samples characterized by microsatellite instability. 87 Other authors have addressed the problem of early detection of contamination and mistaken interpretation of experimental results using an immunological approach. Beaumont and Bedsou performed immunological fingerprinting based on measurement of the serological titer of three human polyclonal antibodies specific for Epstein-Barr virus, Bordetella pertussis, and Chlamydia pneumoniae. 83 These microorganisms were selected for their capacity to induce long-lasting humoral immunity in humans. For this purpose, Biobanque de Picardie researchers have developed a triplex peptide fingerprinting enzyme-linked immunosorbent assay using selected synthetic peptides as antigens for detection of specific serological antibodies. Specific software was also developed to evaluate the intra-assay coefficient of variation for each immunoglobulin G level in different samples. This method appears to be a specific tool for quality control, and is reliable and easy to use. However, despite a discriminatory power of 95%, we consider that it cannot be used for identification of a specific subject, given that the antibody titers vary in time in the same individual.
Using a combination of 53 insertion/deletion polymorphisms and two markers for sex determination, Mathot et al developed a fluorescent assay based on a multiplex ligation-dependent genome amplification technique. 37 In this technique, genomic DNA fragmented using restriction digestion is subsequently circularized and amplified using universal primers. The method is low-cost because only one probe is required per target, and has fast running times (,5 hours). Use of insertion/deletion polymorphisms has the great advantage of avoiding the discrepancy occurring between normal and cancer tissues when targeting STR in cancer patients displaying loss of heterozygosity or microsatellite instability.
As already described by Fearon and Vogelstein, in the course of the complex process of progression of neoplastic disease, tumors characterized by chromosomal instability, which present an accumulation of mutations in the APC, P53 and KRAS genes, frequently have a loss of genetic material, such as loss of heterozygosity, occurring in the repetitive regions. 88 Another pathway is characterized by mutational events involving the DNA mismatch repair gene and is characterized by microsatellite instability. 89 In both cases, DNA instability can be highlighted by analysis of the same mononucleotide or dinucleotide microsatellites; however, tetranucleotide repeats, employed in commercial kits 
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Palmirotta et al used for forensic and paternity analysis, are also involved in several types of neoplasia, including solid tumors and leukemias. [90] [91] [92] Nevertheless, to fully perform such an investigation, a sample handling robotic platform, capillary electrophoresis automated sequencing, and high qualified personnel were required, making its realization difficult for most of the traditional biobanks.
In 2013, with the aim of implementing the standard operative procedures of the Interinstitutional Multidisciplinary BioBank, we developed a rapid, reliable, low-cost, and simple DNA fingerprinting tool for routine use in quality control for biorepository samples. 3 The method includes a double multiplex Alu insertion/deletion genotyping panel (eight Alu insertion/deletion polymorphisms and two sex markers on DXZ4 and SRY loci) suitable for biological identification and sample contamination assessment. The strength of this study is represented by the simplicity of execution capabilities through simple PCR amplification and agarose gel electrophoresis, without the need for expensive equipment. Use of insertion and deletion has proved to be highly useful for biological samples of cancer, regardless of the presence or absence of microsatellite instability. Furthermore, the average RMP and the PD, although not sufficiently discriminatory for strictly legal forensic investigations, provide a satisfactory standard of informativeness for biorepository purposes. Finally, a rapid economic analysis, despite the non-automated nature of this method, indicated an execution time of one day and an approximate cost of 3 USD. This last point should be compared with the conclusions of Glock et al at the Blood Donation Centre of the Austrian Red Cross for Vienna. 11 In their study performed in 2002, they used the commercial AmpFISTR Profiler Plus kit to ensure the correspondence of the donor between plasma and whole blood samples. Regardless of the medicolegal implications for the blood donation center and the chronological distance between the two studies, economic evaluation indicates that analysis of a number of samples can be completed within 24 hours, by using a single capillary sequencer, at a cost of approximately 14 USD per sample.
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Conclusion
Despite the large number of studies conducted in this field, the wide availability of commercial kits, and specific international guidelines, the applicability of these methods in biobanks is often not practicable for several reasons. 8, 14 First, the expanding number of biobanks can not afford the acquisition of the equipment and software necessary for these kind of tests.
A number of biobanks have a limited budget and often it is not possible to purchase the infrastructure, such as an automatic sequencer or a mass spectrometer, whose cost is comparable to that of several -80°C freezers. 93 Second, the specific reagents required are extremely expensive, especially for large-scale projects.
14 Considering the prices of the different commercial kits, it is easy to estimate the economic burden for a biological bank, which shifts the choice between commercial kits and low-cost "home-made" methods in favor of the latter. 3, 11, 81 Finally, a highly specialized approach is required since these techniques involve different professional figures, including molecular biologists and geneticists. 3 The situation becomes even worse when the choice of a specific molecular methodology needs to be applied to a particular biorepository. Indeed, as described above, the method of molecular genotyping must be carefully considered depending on the types of biospecimens stored in the biobank. For example, issues related to neoplastic biospecimens with variable degrees of microsatellite instability must be considered when using STRs. 90, 91 Moreover, in biobanks dedicated to specific diseases, the choice of an SNP-based fingerprinting method could be statistically biased if polymorphisms related to the pathology of the examined samples are selected. 12 In any case, it will always be difficult to use markers with allele frequencies that do not depend on ethnic differences. 12, 81 The use of biological samples for forensic identification panels can present some ethical issues that should be evaluated in each specific case and in each specific country. With regard to this complex issue, the reader is referred to the considerations described by the International Society for Biological and Environmental Repositories and the Combined DNA Index System. 15, 22 In this review, we have attempted to report the main currently used methods of traceability and biological individuality. In addition, we have described the most important studies utilizing fingerprint techniques for biobanking purposes. Our hope is that further studies may move the current problems forward to develop less expensive and more reliable technological approaches.
